To evaluate limiting the number of days that calves are creep fed, 84 crossbred cows (frame score 4 ) nursing steer calves were randomly assigned to three replicates over 2 yr to receive one of four lengths of creep feeding ( 0 , 28, 56, or 84 d ) for cows and calves grazing endophyte-infected tall fescue. There were no differences in cow performance due t o treatments. Calf daily gain increased ( P < .001) as the length of time exposed to creep increased. In yr 1, creep intake increased ( P < .05) as the length to time exposed to creep increased. In yr 2, there was no difference in intake by period among 28-, 56-, and 84-d treatments. Supplemental feed efficiency was best for 56 and 84 d, and the 28-d treatment was extremely poor. During the feedlot phase, there were differences in performance between the 2 yr and there were no differences in carcass composition due to length of time receiving creep feed. Overall, creep feeding calves for 56 or 84 d improved performance, and the 56-d calves had the most efficient gain. Creep feeding calves for 28 d showed no advantage during the creep feeding period or in the feedlot. Four ruminally fistulated nursing steer calves were used in a 4 x 4 Latin square design to receive treatments of forage alone or .68 kg, 1.13 kg, or 2.27 kg/d of creep plus high-quality, freshly harvested forage available on an ad libitum basis. Forage OM intake and NDF digestibility tended ( P = .11) to decrease as intake of creep feed increased. The pH decreased ( P < .001), molar proportion of propionate tended to increase ( P = .06), and acetate tended to decrease ( P = .07) as the level of creep feed intake increased. Higher levels of creep feed tended t o cause a decrease in ruminal fiber digestibility and forage intake. Creep feeding calves for 56 or 84 d improved gain; 56 d had the most efficient supplemental gain. Creep feeding calves for 28 d showed no advantage during the creep feeding period or in the feedlot.
Introduction
Increased weaning weights of calves can increase the gross income of cow-calf producers who sell calves at weaning. Many studies have shown increased weaning weights of creep-fed calves (Cremin, 1989; Faulkner et al., 1994) . With creep feeding, fiber digestibility can be decreased if concentrate exceeds 30% of the OM intake (Uden, 1984; Hart, 1987) . This reduction in fiber digestibility may lead to the decreased efficiency observed with traditional creep feeding (Cremin, 1989) . Because of poor efficiency, traditional creep feeding has undergone some modifications. Cremin (1989) and Faulkner et al. (1994) observed improved supplemental efficiency when J. h i m . Sci. 1994. 72:1084-1094 calves received a limited amount of creep feed. It has been shown that creep feeding may also affect subsequent feedlot performance and carcass composition (Faulkner et al., 1994) . These differences are important t o cattle purchasers and producers in retained ownership situations. The objective of the performance study was to evaluate limiting the length of time calves had access to creep feed. Subsequent feedlot performance and carcass characteristics were also evaluated. The objective of the metabolism study was to investigate the digestive mechanisms that influence the efficiency of utilization of the creep feed.
Materials and Methods

Growth Study. Eighty-four commercial Angus x
Hereford crossbred cows (frame score 4, condition score 4 on a 1-to-9 scale) nursing steer calves were used in a performance trial at Dixon Springs Agricultural Center, Dixon Springs, IL. Seven cow-calf pairs were randomly allotted to 12 pastures, resulting in three replicates of four treatments. The average calf age at the start of the study was 122 d in yr 1 and 126 d in yr 2. The calves were vaccinated with Fermicon 7/ MB (Bio-Ceutic, St Joseph, MO) prior to the start of the study. During the 84-d nursing period treatments were 1) no creep feed; 2 ) creep feed for the final 28-d period; 3 ) creep feed for the final 56-d period; and 4 ) creep feed for the entire 84-d period. The study was repeated over 2 yr. The 1st yr the trial was conducted from July 17 through October 9, 1990 and the 2nd yr from July 23 through October 15, 1991. The groups were randomly assigned to 1 of 12 3-ha endophyteinfected tall fescue pastures. The pastures were grazed and clipped in the spring. They were then allowed to rest so they were in a vegetative state with good forage availability. The pastures were also monitored to ensure a minimum of 2,000 k g h a of available forage. Calves were confined with the creep feeder on the 1st d exposed to creep feed and a small amount of dried molasses was scattered on top of the exposed feed to stimulate consumption. Calves receiving creep had ad libitum access to creep feed for their respective times. The composition of the creep feed, which contained primarily corn with some corn cobs for a roughage source, is presented in Table 1 . All individual calf and cow weights, taken after a 16-h withdrawal from feed and water, were measured at the beginning of each 28-d interval and the end of each year's trial. Group creep intake was obtained at 28-d intervals from d 0 to 84 of the trials. Gain and supplemental efficiency were calculated. Supplemen- Calves were weaned at the end of each year's trial and remained in their respective groups throughout the finishing period. Twenty-eight days prior to weaning the calves were vaccinated with Fermicon 71 Somungen, Vibo-5, and Elite 4 (Bio-Ceutic) and were treated for parasites with Ivomec (Merck, St. Louis, MO). At weaning they received boosters of the same vaccinations. One calf died in yr 1 for reasons unrelated t o treatment and one calf was treated for respiratory disease in yr 2. They were fed a finishing diet (Table 2 ) for 225 d. Weights, after 16-h removal from feed and water, were recorded at the beginning and end of the finishing period. Daily gain, feed intake, and efficiency (gaidfeed) were calculated. Upon conclusion of the finishing period cattle were slaughtered. Carcass measurements recorded were hot carcass weight, adjusted fat thickness, marbling score, longissimus muscle area, and internal fat (kidney, pelvic, and heart). Quality and yield grades were calculated from the measured parameters.
Data were analyzed, using pasture as the experimental unit, by analysis of variance for a randomized design using the GLM procedures of SAS (1 985). The model statement included preweaning gain, creep intake, supplemental feed efficiency, finishing gain, finishing intake, finishing feed efficiency, hot carcass weight, adjusted fat thickness, longissimus muscle area, internal fat, quality grade, and yield grade as dependent variables and length of time on creep, replicate, year, and their interactions as independent variables. Treatment differences were evaluated using linear and quadratic orthogonal contrasts with the exception of intake and efficiency during period 2, which were evaluated with the F-test. Table 3 . To estimate daily milk intake for each period, dams were milked at 0700 of d 1 and 14 of each period instead of allowing the calves t o nurse. At 0700 the cows were given 100 U.S.P. units of oxytocin i.m. and milked by machine. The milk was weighed and a 120-mL sample with a preservative (2-bromo-2-nitropropane-1,3 diol; Microtabs, D & F Central Systems, San Ramon, CA) was stored at 4°C for analysis of milkfat, protein, and solids non-fat ( SNF) .
Calves' daily milk intake was calculated as the mean of the two milkings x 2.
A gelatin capsule containing 3.5 g of Cr as CrzO3 was inserted into the rumen daily at 0700 and 1900, to estimate fecal output for calculation of total tract digestibility. On d 11 through 14 of each period fecal grab samples were collected and frozen immediately. Samples were collected every 6 h each day, the sampling times being advanced 1.5 h each day t o yield 16 samples that were representative of a 24-h period. Fecal samples were composited by calf and period for analysis.
To determine fluid dilution rate (FDR), 3.72 g of CoEDTA (Uden et al., 1980) was dissolved in 1,000 mL of tap water and dosed into the rumen at 0730 on d 11. Five subsamples of whole ruminal contents from representative areas of the rumen were collected and composited. Fluid was separated from the particulate fraction by squeezing the large-particulate fraction through six layers of cheesecloth. Samples were collected 0, 3, 6, 9, 12, 15, and 18 h after feeding. Ruminal fluid pH was determined immediately after collection with a Beckman 31 pH meter. Subsequently, a 50-mL aliquot was acidified with 3 mL of 6 N HC1 and frozen for later analysis of Co, VFA, and NH3 N. Samples collected at 24, 30, 36, and 72 h after fluid marker injection were also acidified and frozen for later analysis of Co.
Particulate passage rate was determined by ruminally dosing calves with 150 g (as-is) of forage marked with 500 mg of Yb as YbCl3.6HzO at 0730 on d 11. The marked forage was prepared 18 h before it was dosed into the rumen by slowly spraying and mixing 150 mL of the Yb solution with a 150-g portion of the forage (Faulkner et al., 1994) . Subsamples of whole ruminal contents were taken from five representative areas of the rumen, strained through six layers of cheesecloth, composited, and the particulate samples frozen for further analysis of Yb.
Sample Analysis. Creep feed samples were ground in a Wiley mill to pass a l-mm screen. Fecal samples were thawed and dried at 55°C in a forced-air oven then ground t o pass a 2-mm screen. Forage samples were thawed and dried at 55°C. The weight of the samples after drying was recorded and the samples ground in a Wiley mill to pass a l-mm screen. The percentages of DM, OM, Kjeldahl N (AOAC, 19801, and NDF and ADF (Goering and Van Soest, 1970) were determined on a subsample of the dried and ground samples and total weights of the components in the samples were calculated. To remove the interference from starch, the percentages NDF and ADF were analyzed by a procedure similar to that of Jeraci et al. (1988) as described by Faulkner et al. (1994) .
Milk samples were analyzed for SNF concentration according to the procedure of Golding ( 19 59 ) . Milkfat and CP concentrations were determined by infrared analysis (Dairy Lab Services, Dubuque, IA). Calf daily milk intake was estimated as 24-h milk production. Intake of SNF, fat, and CP were calculated as component percentage x daily milk production. Ash concentration was assumed to be 6.3% on a DM basis (NRC, 1982) . Intake of OM was calculated as ( S N F intake + fat intake) x .937. Lactose intake was calculated as OM intake -CP intake -fat intake. Chromium concentration in the feces was determined according to procedures of Williams et al. (1962) as modified by Faulkner et al. (1994) . Fluid dilution rate ( F D R ) was calculated as the slope of the regression line of the natural logarithm of Co concentration over time based on all sample times except the O-h sample. Ruminal fluid volume was estimated by dividing the amount of Co dosed by the anti-natural logarithm of the Y-intercept of the above regression. Ruminal fluid outflow rate was calculated as FDR x ruminal fluid volume x 24. Ammonia N concentrations were determined according to Chaney and Marbach (1962) for the sampling times discussed earlier. Volatile fatty acid concentrations were quantified with a gas chromatograph as described by Cremin et al. (1991) . Total VFA concentration was calculated as the sum of acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate concentration. Molar proportions were calculated as concentration of individual VFNconcentration of total W A .
Particulate samples were thawed and dried in a 55°C oven then ground in a Wiley mill to pass a l-mm screen. Samples were analyzed for Yb according to Hart and Polan (1984) . Particulate dilution rate ( PDR) was calculated as the slope of the regression line of the natural logarithm of Yb concentration over time. Digestibility data in period three for the calf that received treatment H were removed due to illness of the calf at that time.
Data were analyzed according to GLM procedures of SAS (1985) for a Latin square design. Treatment differences were evaluated using linear and quadratic orthogonal contrasts. Regression analyses for ruminal markers were performed using the REG@ procedure of SAS (1985).
Results and Discussion
Growth Study. There were significant year x treatment interactions ( P < .05) for performance and carcass characteristics; therefore, results are presented by year. During both years of the performance study, no differences ( P > ,401 in dam weight change (Table 4 ) were observed among treatments. However, in yr 2 dams gained weight due to higher levels of rainfall and lighter weights at the start of the study than in yr 1. Lusby (1986) and Lusby and Wettemann (1986) observed no influence of creep feed on dam weight change. In contrast, Cremin (1989) noted an increase ( P < .03) in weight gain for dams of calves that received unlimited creep feed compared with those of calves that had been limit-fed. Prichard et al. (1989) reported an increase in body condition score for dams of creep-fed calves. The increase in weight change and body condition score reported in some studies may be a result of increased forage availability to the dams caused by a reduction in forage intake of creep-fed calves (Cremin, 1989; Faulkner et al., 1994) .
The weight gains of calves in yr 1 and year 2 are given in Tables 5 and 6. In the first period, the calves on the 84-d treatment calves were the only group receiving creep feed. During this period available forage and milk supported gain of nearly 1 kg/d. In both yr 1 and 2 at the end of period 1 and through most of period 2, rainfall (Figures 1 and 2 ) was limited and the available forage was reduced. In addition, a significant portion of the forage was endophyte-infected tall fescue. High levels of endophyte have been shown to reduce steer performance and may reduce weaning weights, cow milk production, and cow weight gain (Stuedemann and Hoveland, 1988) . The effect of endophyte seems to be increased by high relative temperatures (Stuedemann and Hoveland, 1988) . Because calves were grazing endophyte-infected fescue, gain among all treatments was lower in period 2 than in period 1. However, calves with access to creep feed (56-and 84-d treatments) had higher gains (linear, P < .001) in yr 1 and (linear, P < .001; quadratic, P < .05) in yr 2. Supplemental feed was useful in improving weight gain of calves when the forage and milk failed to meet the nutritional demands of the calf for gain of 1 kg/d.
During period 3, as time exposed to creep feed increased, gain increased (linear, P < . O l ) in yr 1 and 2 (linear, P < .05; quadratic, P e .05). In both years, there was a decrease in temperature and increased rainfall during the end of period 2 and the start of period 3 (Figures 1 and 2 ) . This allowed for fall regrowth, which increased forage quality and quantity and reduced intake of endophyte toxins, which resulted in higher gain during period 3 than during period 2 for calves on all treatments. The lower temperatures may have also decreased the influence of aLinear effect ( P < ,001). bQuadratic effect ( P < .05). 'Linear effect ( P < .05).
eIntake values differ ( P < ,001). fQuadratic effect ( P < .01).
x treatment interaction ( P < .05).
---- the fescue endophyte. There tended ( P = .08) t o be a year x treatment interaction in period 3 for gain. In yr 2, the calves had higher levels of intake (Table 6 ) for period 3 that may have resulted in the increased gain.
The fall regrowth in yr 1 may have been of higher quality than that in yr 2. Differences in gain of the control calves for period 3 in yr 1 and 2 support this conclusion. Control calves gained .52 kg/d in yr 1 and .34 kg/d in yr 2. The decrease in creep intake in period 3 of yr 1 also indicates that the forage in yr 1 was of higher quality. Overall gain increased (linear, P < .001) as length of time calves were exposed to creep increased. In yr 1, 84-d calves gained .53 kg/d more than controls. In yr 2, the added gain for the 84-d calves was .46 kgld. This agrees with findings of Prichard et al. (19891, and Faulkner et al. (1994) , who reported that long-term creep-fed calves had higher gains than calves not given creep feed.
There was a year x treatment interaction for intake in periods 1 ( P = .002), 2 ( P = .04), and 3 ( P = .01). During yr 1, calves that received creep feed during period 1 consumed a large amount (4.3 kg/d). During the third period of yr 1, intakes were similar across all treatments; however, the intakes were slightly lower than those of period 2. Calves had higher gains during this period. The potential differences in forage discussed earlier may account for increased gain with decreased intake. Over the entire creep feeding period in yr 1, intake of creep feed increased (linear, P < .05) as time exposed to creep feed increased. The 28-and 56-d calves had similar intakes (1.9 and 1.7 kg/d, respectively) for their respective times on creep feed in yr 1. In yr 2, the calves consumed more creep as they became older and larger. During period 2 ( y r 2), the intakes were 3.4 and 3.8 kg/d for the 56-and 84-d calves, respectively. In period 3 ( y r 2), the intake of creep feed increased (linear, P < .001; quadratic, P < .O 1) as length of time exposed to creep feed increased. The trend for calves to increase intake with increasing age and body size has been previously observed (Prichard et al., 1989) with calves approximately the same age as the calves in this study. Tables 5 and 6 . The efficiency of the 84-d calves was poor (.02 and .06 for yr 1 and 2, respectively) for the first 28 d of exposure t o feed. In period 1, calves likely had access to enough high-quality forage and milk for gains of approximately 1 kgld, resulting in inefficient use of the creep feed. No differences in efficiency during period 2 were observed. In yr 1, however, 56-d calves had improved efficiency ( . 26) for the first 28 d they were exposed t o creep feed. Calves made more efficient use of creep feed because of limited fescue quality and quantity associated with the hot, dry second period. In both years, efficiency in period 2 improved ( P < .01) compared with that in period 1. There was a year x treatment interaction ( P = .003) for efficiency in period 3. In yr 1, the efficiency in period 3 increased (linear, P < .01) with increasing length of time on creep feed, whereas in yr 2 efficiency increased (linear, P < .05; quadratic, P < . 0 5 ) during period 3. The high-quality forage in period 3 of yr 1 resulted in the very poor efficiency of .02 for 28-d calves. In yr 2, the 28-d calves had greater efficiency (. 11); however, this is still relatively poor efficiency. If there was a sufficient amount of highquality forage available, the efficiency of the first 28 d of exposure to creep feed was very poor in this study.
Calculation of gain based on expected energy intake does not agree with the poor efficiency observed after calves were started on creep feed. Differences in ruminal fill and rate of passage may account for these results. The calves were weighed after a 16-h withdrawal from food and water, but differences in ruminal volume and rate of passage between control and creep-fed calves, as shown in the digestion study, Table 7 . Carryover effects of length of time on creep on subsequent performance during the finishing period and carcass characteristics in year 1 (n = 3) Cremin (1989) and Faulkner et al. (1994) on their ad libitum creep feed treatments for calves on tall fescue.
Backfat tended to increase (linear, P = .14) in yr 1 and increased (quadratic, P < .01) in yr 2 as time exposed to creep feed increased. The calves with greater backfat were more efficient in their gain. This difference in efiiciency might be due to the differences in rumen fill noted previously. Studies of calves gaining similarly t o the calves in these studies have shown mixed results regarding backfat thickness. Increased backfat of creep-fed calves has been reported by Martin et al. ( 198 1) and Prichard et al. (1989) ; however, no difference in backfat of creep-vs non-creep-fed calves was noted by Rouquette et al. (1983) and Cremin (1989) . Hip height increased (linear, P = .06) in yr 1 and (linear, P < .05; quadratic, P < .O 1) yr 2 as length of time on creep feed increased. There tended to be year x treatment interaction ( P = .06) for hip height. Calves in yr 2 had higher gains, which may account for the increased hip height. This agrees with results of Stricker et al. (1979) and Stuedemann et al. (19681, who noted increases in frame score for creep-vs non-creep-fed calves. In contrast, Prichard et al. (1989) and Cremin (1989) reported no differences in frame score.
Feedlot performance of creep-fed calves in yr 1 and 2 is given in Tables 7 and 8 , respectively. Initial weights at the beginning the finishing phase increased (linear, P < .05, yr 1; linear P < .05, quadratic, P = .05, yr 2 ) as the length of time of exposure to creep feed increased. In yr 2, calves had higher gains during the creep feeding period and thus heavier initial weights (Table 8 ) . Feed intake during yr 1, (Table 7 ) were highest (quadratic, P < .05) for controls and 84-d calves. Control and 84-d calves also tended ( P < .07) to have the highest intakes in yr 2. Feed intake was higher ( P = .001) in yr 2. There was a year x treatment interaction ( P = .009) for daily gain in the feedlot. In yr 1, controls had the highest (linear, P e .05) gain during the feedlot period. Daily gain tended (linear, P = .16; quadratic, P = .12) t o increase as length of time on creep feed increased. Control calves in yr 2 gained faster during the creep feeding period and, therefore, did not exhibit the compensatory gain seen in yr 1. Calves receiving treatments other than control gained similarly between years.
There was a year x treatment interaction ( P = .05) for feed efficiency in the feedlot. In yr 1, in which controls had higher gains, they also tended ( P < .08) to be more feed-efficient. In yr 1, the efficiency was poorer as length of time exposed to creep feed increased. During yr 2, control calves had higher Table 8 . Carryover effects of length of time on creep on subsequent performance during the finishing period and carcass characteristics in year 2 (n = 3) aQuadratic effect ( P < ,051. bLinear effect ( P < .05).
CLongissimus muscle area. d10 = low Choice; 11 = average Choice.
intakes but lower gains than calves on other treatments. Therefore, in the feedlot, feed efficiencies in yr 2 were quadratic ( P < .05) and tended to improve (linear, P = .16) as length of time on creep feed increased; the 56-d calves were the most efficient. Faulkner et al. (1994) and Duetscher and Slyter ( 19 7 8) reported no difference in feedlot performance between creep-and non-creep-fed calves. However, Scarth et al. ( 1968) noted an increase in gain for creep-fed compared to non-creep-fed calves (1.06 vs .9 kg/d). Carcass measurements for yr 1 and 2 are given in Tables 7 and 8 , respectively. In yr 1, length of time on creep feed had no effect on carcass composition. Stuedemann et al. (1968) also reported no change in carcass composition for creep-vs non-creep-fed calves.
In yr 2, hot carcass weight tended (linear, P = .11; quadratic, P = .07) to increase as length of time on creep feed increased. There tended ( P = . l o ) to be a year x treatment interaction for hot carcass weight due to the gain differences of the control calves discussed earlier. Calves in yr 2 were heavier at the beginning of the feedlot period, and this resulted in heavier carcass weights. In yr 2, the longissimus muscle area tended (linear, P = .07; quadratic, P = .14) to be larger as length of time on creep feed increased. Calves in both years were of similar genetic makeup and received the same feeding regimen.
Differences in longissimus muscle area may be reflective of the differences in hot carcass weight discussed earlier. Calves in yr 2 were fatter, which was reflected in higher yield grades. The work of Duetscher and .012 aC = forage alone; L = .68 kg/d of creep plus forage; M = 1.13 kg/d of creep plus forage; H = 2.27 kgid of k i n e a r effect ( P < .01).
CQuadratic effect ( P < ,051.
creep plus forage. (Table 9 ). When creep intake was increased from low to moderate and from moderate to high there was a 32 and 61% reduction in forage OM intake, respectively. This decrease in forage OM intake agrees with studies of Cremin et al. ( 199 1 ) and Faulkner et al. (1994) .
Milk intake (Table 9 ) tended (quadratic, P = .06) to be higher for C and H treatments. Corresponding differences in intake of milk components can be accounted for by differences in total milk intake. This may be a random occurrence, because it is doubtful that creep feeding can affect milk production. Cremin et al. (1991) and Faulkner et al. (1994) both noted that level of creep feed intake was not correlated with milk intake. Stage of lactation at the time calves received certain treatments may account for some of the differences.
Even though total OM intake decreased slightly with increased creep intake, there were no differences among treatments (Table 10) . Cremin et al. (1991) observed the same nonsignificant trend, possibly due to substitution of creep feed for forage. Faulkner et al. ( 1994) reported an increase in DM intake for calves receiving unlimited levels of creep feed.
The high CP percentage of the lush immature forage (Table 3 ) may be in part due to NPN sources (Buxton and Marten, 1989) . As creep feed intake increased, intake of NDF, ADF, and CP tended to decrease slightly (Table 10 ). There was a lower concentration of fiber in the creep feed than in the forage (Table 3 ) ; thus, as creep feed became a larger proportion of intake, fiber intake decreased. Similar trends for fiber intake were observed by Cremin et al. (1991 j. Apparent total tract digestibilities are given in Table 11 . There were no differences in OM, ADF, or CP digestibilities. The NDF digestibility tended to decrease (linear, P = .11) with increased levels of creep feed intake. These reductions in fiber digestion agree with findings of Cremin et al. (1991) and Faulkner et al. (1994) . Uden (1984) and Hart ( 198 7 ) demonstrated that total tract apparent fiber digestibility decreased when concentrate was greater than 30% of the DMI. In this study, for treatment H, 35% of the OM entering the rumen would have consisted of concentrate. Decreased ruminal fiber Increased levels of creep feed decreased ruminal pH (Table 12) , which could have caused the decreased fiber digestion. Ruminal pH was significantly lower as the level of creep feed was increased. Controls had the highest pH and calves fed the high level of creep feed had the lowest ( P < .OOOl). The pH changes reported Cremin et al. (1991) and Faulkner et al. (1994) agree with those in this study. The high level of creep feed would likely increase acidic conditions in the rumen, which is associated with rapid starch fermentation. Owens and Goetsch (1988) noted that the reasons for increased acidity with increased concentrate intake are reduced saliva flow, increased rate of acid production, because concentrates are more fermentable than forages, and increased production of lactic acid accompanied by a decrease in buffering capacity due to decreased forage intake. Therefore, more inhibition of ruminal digestion may have occurred as the level of creep feed was increased.
Ruminal N H 3 N concentrations (Table 12 ) among all treatments were greater than 5 mg/dL, the level below which Satter and Slyter (1974) demonstrated ruminal N H 3 N concentration to limit ruminal microbial growth. Therefore, N H 3 N concentration probably did not limit ruminal fiber digestion. There were no differences in NH3 N concentrations among treatments.
Total ruminal VF'A concentrations (Table 12 ) tended (linear, P = .18) to increase as the level of creep feed intake increased. The highest concentration was observed for the H treatment. Cremin et al. (1991) also reported the highest total VFA concentration for calves receiving an unlimited level of creep feed. The high level of creep intake was higher in concentrate, which is more rapidly digested than forage. Thus, the difference may have been a result of more rapid fermentation of OM entering the rumen. The molar proportion of acetate tended (linear, P = . 0 7 ) to increase as the level of the creep feed increased (Table 12 ). Molar proportions of propionate (linear, P propionate ratio is often observed as concentrate is added to the diet (Cremin, 1989; Faulkner et al., 1994) .
Ruminal fluid dilution rate (linear, P < .05) and particulate dilution rate (linear, P < .05) increased as creep feed intake increased (Table 13) . Ruminal volume decreased as more concentrate was added to the diet (linear, P < .01). These ruminal changes correspond to differences in digestibility seen previously.
Implications
Supplying creep feed to calves fed endophyteinfected tall fescue during the 56-or 84-d period prior to weaning improves gain; calves creep-fed for 56 d had the most efficient supplemental gain. Feedlot performance was similar for all treatments except for the control calves in yr 1, which had improved performance. Creep feeding calves for 28 d showed no advantage during the creep feeding period or in the feedlot. Creep feeding had no effect on carcass composition. Higher levels of creep feed tended to cause a decrease in ruminal fill, ruminal fiber digestibility, and forage intake. The decrease in ruminal volume with creep feeding would reduce body weight and may help explain the lack of response for the calves that were creep-fed for only 28 d.
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